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SUMKARY

bn Inveeti@tlon ma conduoted in the N4CA Cleveland altltutle
wind tunnel on the carburetor air scoop and tho engine cowling of a
sln@e -engine Imrpodo-bmber-type airplane. Low preesur+ recbverles
were obtained at the cs&buretor top deck as a remit of inadequate
removal of Iibeboundary-~er. air ahead cf the inlet. Investigation
of the engine cowling showed low pressure recoveries at the face of
the engine, which were attributed to propeller interference. These
lbw pressure recoveries were further decreased at high angles of
attack“by the blocklng effect of the spinner. Presmre losses of
the carburetor-scoop duct
10 percent of the dynamic

and the cowl-diffuser were each roughly
preaeure.

Irmcmc!rmrf

An Investl*tion of the power-pi@ installaticm of a shgle-
engine torpedo-bcmiber-typeairplane has been conducted In the
I’WA Cleveland altitude wind tunnel at the request of the Bureau
of Aeronautics, Navy Department. As a part of this Investi@tion,
the aerodynamic characteristics of the carburetor“airscoop and
the edgine cowling were determined. A simik investigation was
previously mnduoted on a three-tenths scale mock-up of the forward
portioalof the fuselage of this”airplane in the Langley 20-foot
*1. (See referenoe 1.)

The aerodynamic characteristics of the carburetor air scoop
are of particular interest beoause of the use of a boundary-laym



removal duct with the scoop, which Is located behind d

Ho. E6E27

above the
engine cowllng. Both inter&al and exq flow conditions were

. Investigated. .“. .

The effectiveness of the engine cowling, a high Inlet veloclty
type, was evaluated on the basis of internal and external.flow
c-iiuiitlons. The f luw conditions were
changtng both the tunrielairspeed and

DESGRIWI!IONL3!’

varied over a tide range by
the engine cowl-flap position.

MaDEL “

Tests were made with a full-scale model of the X’I!B2D-1airplane
with the empennage removed and the wing tips cut to permit mounting
In the 20-foot-diamter test section of the tunnel. (see fig. 1.)
The power plant of the model is a 28-cyllnder, air-cooled, radial
engine tith a norml rated power of 2500 brake horsepower at an
engine speed of 2550 rpm and a take-off power of 3000 brake horse- “ “
pm at 2700 ~. The engine pdwer Is absmbed by a counter-”
rotating propeller~ which rotates at 0.425 engine-crankshaft spesd. This
propeller is 14 feet in diameter &xi consists of two components of
four blades each.’

(lxrburetm Air Scoop .

The carburetor ah scoop is locat@ behind and above the engine “
cowll~. (See fIgs. 2 and 3.) me smell adjacent duct opening
is the cabin-heater a@ inlet. The alr fmm this duct was dis-
charged into the engine accesscn?ycompartment during the tests.””A
boundary-kyer r-val. duct Is located beneath baoh entrance. The
crom-mctimal ~ea. of the carburetor air duct Is apprhtel.y
74 square inches. The .effective carburetor top-deck “areawas
reduced from 100 to 75 square inches by means of a duct fairing
(fig. 2). .. “

Engine Cowling
.

The cowling inlet is fcmed by a nose ring with a minimum
inside diameter of 37.75 inches and a spinner with a diameter of
25.88 Inchee; the minimum entrance srea Is 480 square Inches.
Control of the exit area is accomplished by U-inch chmxl flaps,
which extend approximately 220° around the circumference.of the
cuwling. A calibration of cowl-flap deflection a~inst cowl-flap
@p and exft area is given In figure 4.
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. . . . . ,. Instl’umentatlon Wna Ini3taued for tdd.ng totol-premzro surveys
chead of the Bcoop entrance, @ the EIOOOP,nnd at the carburetor .
tOp dookt d for tQk~ a atQtiC-FZ%t313H mrvey over W sow
lip. (See flg. 3..) Total-pressure surveys of tho cuwling Inoludod
mrveys cf tho mwl* inlet, the faoe of the engine, - .tlm
cowling exit. Static-pmssure orifioes were installed over the
upper and lower cowling lips. Tha static presoure at tho rear of
the engine was measured by tubes loaded on the baffles of the rear-
row oylimders of the engine.

The drag was detemlned frcunfome readings taken with the
tuunel balance.

WOPE OF T19TS

C.nrburetor-scooptests were made in which ‘do tilcllnationof
‘&e tk-mt axis of tha model was vnried frcuu-2° to 5° and the
inlet-velociky rat10 frcm 0.2 to 0.8. Those touts were conducted
at a pressure altitude of 5000 feet.

Tests to cmluate cowling performance wero made with the
prcpollor opmat~ and with the pmpol.lor removed. The propoller-
oporirbing +Jmts wero made at varyi~ engine poworo: cowl-flap
:leflectlons,and tumol airspoods at an lnclimtlon of tho thrunt
&xlf3of o~. Premure altltudea ranged from WOO to 30)000 foot.
Tlm toots with the propollor removod wuro cmducted at n premum
altitude of 15,000 feet, inclinations of tlm thrust axl~ of 0~ to 60,
and Vo.rylngC&’l-flap

For mnvenlenco,

&fkCtl OIlfl.

all symlmls uoed in this paper, the table,.
or tlm fi@ren are listed here in alphabotiml order.

AD Inoremntal dru, drag of installation for condition Mor
coneidoration-rnlnus-lowostdr~ for a mmiea of-toots in
whioh only tho cowl-flap dofleotlon ma ohmgod, pounds

~D
Incremental-drag coefficient

%

II total pressure, poundQ po? oqwro foot

.
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total-pmacw-e “Ccmtmmint

inoremmtal total ~reE8LUW, pOUndB por Elquarefoot

oarburetar duct losses

etatic pressure, pounds per square foot

static-presmaro coefliclent

freo-stresm static pross~ro, ?0-s per sqmro foot

cocllng-elr prcmme dmp mross e~ino, total prosmre
front minus titatlcpremure at re=, inchm CP water

prawmre-drop cod?ficient

cooli~-air prom-me drop, inohoa cf water

frcm-atrcmm impact premum shown by pitot-stntic tube,
pcunda pm- aqual”ofoot

f~oo-utmam dymaic prcmmrc, pounds por Gquaro foot

mans dmoltiw’,CJIW pm cubic toot

dcmalty Yatio, p/O.002378

RESULTS AND I)ISCUS!31ON

Carburetor .4irScoop

I!zterricl flow. - Tlw total-prommm lomes ahmd of the air
acoap ‘mro G cmbinatlon of tho 10UGOS remlt~ from prcpellm
lntorfermco anl tho locaes oausod by boundary-lcycm formation.
Them 10SEJOGZn ono~gy of tho afr mm ddmminod by to%al-prcmcuro
mrmys taken with two proommo rakes locatod ahead of tho scoop
inlet (fiC. 3). Thoso total promurou am uhown in f~guro 5 as
cmetmt-precmmo contoum @ are cat to be miuconotruod m s+mmm

-- I
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lindi.” The effect of”the p~eller on these”premmre oo~ours” . .
“.oanno$ be lsol.ate~Weoause:of imuf-fiolent data. An @mqaq ~-~.“ -
the Inlet-velocityratio of the eooop decreases the boundary-layer
thickness as evidenosd by figures 5(a) and 5(b). An @crease Iti> .
the Inclination of the thrust OXIS, however, Inoreases the be--” “
layer thioknesa as shown by figures 5(o) and 5(d). .Thld inoreaee in.
boundcuq lbyer c@sea low totdl-pressizrsrqcover@m at bhe DOO,OP ...
Inlet and blimtes”that the bouzdary-lqydr remov$L duct hod ln-
sufflcibnt oapacity to remqvo.the boundary l~er. . ..- ..-

The static-prmmu~ survey W6P the”osrburetor-scoopMp is
given In figure 6 for Conditions mrrespond@g to those of figure 5.
Tho negative pressure peaks are onl.y.slightlyaffected by vcrlations
in inlet-velocityratio or angle of attack. No critloal velocitlos
wer tho Gcoop lip muld be expoctod within the speed rmge of.the
alqlmo. Tho dxatio-premwe coefficient p - ‘o, uhioh la plotted

in figure 6, iB bmbd on the static and dynamic premures &e& of
tho model.

Intmnml. flow. - Ezemlnathn.of the premum distribution of
tho air enter+hg tho scoop inlet revenlod that high pressurm wem “
o%balned at the CIldonoarmt tho oabin-hmtor duct, as &own in
figuro 7. Tho hi~h ~romuroa wore attrlbutod to tho rcmovol of
part of tho bomdcry-layer nir mhead of the scoop by tho mbln-
imater duct.

The offoct of .Srm-otrom impact prmmmo on totul-premum
rocovory at the corhlumtor top dock for mrioua Inlet-voloclty
ratlo~ and f.ncl.lnatlmuof tho thrmt axlo la glvon In fl~o 8.
The high recoverioe at low freo-atrmm @pact proooureu nnd 1.UW
rocovorlm at high fme-otream Impact promuros Indlcato that the
blade anglm at tho propeller-blado roots ma too low.” The design
of the pitch distribution of the propellqr should be lnveati~ted
furthoro

The hi@ pregsuros on tho right aldo of tho air Qcobp were
reflected on tho carburetor top dock, ~ shown in fignm 9. The
omburotor-scoop duct 10EISOSwere rou&hly 10 percent of the ●

dynamic presmnm, m shown in table I.

En@no cowling

— ._

External flow. - The offoot of Inollnation of the thrunt axis
on prosouro distribution uvor the upper and lowor lips of tho onglno
cowllng is givcm b figuro 10. Tho Premure-diatrlbution pattern
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in this figure is typtoal
high inlet-velocity ratio

of
of
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aid.conditkne tested. owl% to the
this cowling, the negative preemre

peaks oocur on the inner surface of the cowling lip. As the
Inollnation of the thruet axle ie inoreased, theee preeeure peaks
Znorease on the lower lip and decmaee on the upper lip. The mxinmm
negative premure peake indicate that crltloal velocities over the
lip eurface would not be reached within the speed range of the
airplane.

Elternal flow. - The effect of cowl-flap deflection and free-
etmaiilmpact pressure on total-preseure recovery at the cowllng
inlet for tests with the propeller operating and the propeller
removed is ehown in figure Il. This fi

r

e also chows a lees of
preseme recovery of apwoximately 0.25 q= owing to the blooking
effect of the propeller. The low pressure recoverlee are then
reflected at th9 face of the engine (fig. 12) with an additional
loss as the air paeeee through the cowling diffuser. The cowl-
dlffuser loeees of approximately O.1/~ are ehown in figure 13.

The average total preesures at the cowling Inlet were cmly
&llghtly influenced by changee in the Inlet-velocity ratlo for
propeller operating teste. .(See fig. 14.) Higher ~eseures were
obtained with the propeller removed for the range of Inlet-velocity
ratioe covered.

The effecte of changes in the inclination of the thrust axle on
the total-preeeure distribution pattern of the cowling inlet for
teets tith the propeller operating smd the propeller removed are
shown in figuree 15 emd 16, respectively. The total-pressure
dietmibution patterns were fairly symmetrical about the thrust
axle for small angles of attack, whereas at large anglee of attack
a reduction in pressure recovery occurred in the upper half 6f
the inlet. Thie reduction indicated that the boundary layer over
the epinner wae washed to the top of the epinner and entered the
upper pmticm of the cowling. (See figs. M(C) and 16 (c).)

The effect of free-etieam impact preesure on the cooling-air
preesure drop aorose.the en@ne Ap for verioue cowl-flap
deflections ie shown in figure 17. For teets with the propeller
removed and the propeller operating, the cooling-air preeeure
drop acroes the engine may be found for a given cowl-flap deflection
and free-etream impact preesure. This pressure drop may then be
converted to cooling-air flow by use & figure 18 far only cold
engine conditions. IVIOcooling-air flows for hot engine c-itione
could be obtiined becauee of insufficient data.
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The variation

Dr~
,.

in incremental-dr&

7

.coeffici.&lt“Ail/~“With -
cowl-flap deflection fm tests with the prqpeller remov~ Is shown
Zn fIgure 19. The Incremeplxil.dras was derimd by subtracting the c
lowest drag reading from all other @ag readings. The variation of
Incremental-drag coefficient AD/~ wllix Ap/qc across the engine
for tests with the propeller rammed is given In figure 20. No drag
data for
rsadings

The

ProPeller-oPerat~ tests are included because Ineufflcl~t
were obtained.

suM4ARYaFRmJLTs

following results were obtained frcm an investletion In
the Cleveland altltude tunnel of the carburetor air scoop and the
engine cowling of a ein@e -engine torpedo-bcntiber-ty_peairplane:

1. The boundmy-layer removal duct had insufficlent capaci~
to remove the boundary layer ahead of the carburetor air ecoop.

2. The carburetor-duct losses and the cowl-diffuser losses
were roughly 10 percent of the dpanrlc pressure.

.

3. Low preseure recoveries at the face of the engine were
caused chlef~v by propeller Interference.

4. The long spinner seriously blocked the air flow into the
upper half of the cowling at high inclinations of the thrust axis.

Aircraft lMglne Reseerch Laboratory,
National Advisory Ccxmnltteefor Aeronautics,

Cleveland, Ohio.

1. Nichols, Mark R., Keith, Mid L., Jr., and BoswlnUe,
Robert W., Jr. : A Whd-’lunnel Investi@tion of Carburetcn?- .
Alr Scmps Designed for the Douglas ~2D-1 Airplane.
HMA WQUO. rep., Eur. Aero., June 7, 1~.
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.77
.87
,74
.!58
.85
.71
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q

0.04
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{ ●J propeller installed.

Figure 1. - Full-scale model of singl~engine torpedo-bomber-type air-
plane installed in altitude tunnel.

.
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Figure 2. -Carburetor-air-scoop installation of single-engine torpedo-bomber-type airplane showing
boundary-layer removel duct and duct fairing into carburetor.
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Figure 3. -
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nstrumentation for pressure survey of carburetor-duct inlet and engine cowling on singie-
engine torpedo-bomber-type ai rplane.
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Boundary-layer rakes T
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(a) Inclination of thrust axl~, 2°; free-stream impact pressme,
43 pounds per square foot; inlet-veloclty ratio, 0.2.

NATIONAL ADVISORY
COtMITTEE FOR AERONAUTICS

H-p.
~

Boundary-layer rakes

. /

(b) Inclination of thrust axis, 2°; free-stream impact pressure, 46

pounds per square foot; inlet-velocity ratio, 0.5.

Figure 5. - Constant total-pressure-recovery contours of charge air en-

tering carburetor air scoop of singie-engine torpedo-bomber-type air-

plane. pressure altitude, 5000 feet.

.,. ..—--
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(c) Inclination of thrust axis, -2°; free-stream impact pres-
sure, 46 pounds per square foot; inlet-veloclty ratio, 0.5.

NATIONAL ADVISORY
COhWITTEE FOR AERONAUTICS

H-p.

<Boundary-layer nakes ‘c

(d) Inclination of thrust axis, 6°; free-stream impact pressure,46

pounds per square foot; inlet-velocity ratio, 0.5.

Figure 5. - Concluded. Constant total-pressure-recovery contours of

charge air entering carburetor air scoop of single-engine tor’pedo-

bomber-type airplane. Pressure altitude, 5000 feet.
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(a) Inclination of thrust axis, 2°; free-stream impact pres-
sure, 43 pounds per square foot; inlet-veloclty ratio, 0.2.

I

\
\
\
\
~.

~\

NATIONAL ADVISORY
COMMITTEE FOR AERWAUTICS

(b) Inclination of thrust axis, 2°; free-stream impact pres-
sure, 46 pounds per square foot; inlet-velocity ratio, 0.5.

Figure 6. - Static-pressure survey of carburetor-scoop lip
of single-engine torpedo-bomber-type airplane.

.----- , ..
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(c) Inclination of thrust axis, -2°; free-stream impact p:e; -
sure, 46 pounds Per square ‘oot; Inlet-velocity ratio, . .

\ -1

\
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(d) Inclination of thrust axis, 6°; free-stream impact pressure,46

pounds per square foot; inlet-velocity ratio, 0.5.

Figure 6. - Concluded. Static-pressure survey-of carburetor-scoop lip

of single-engine torpedo-bomber-type ai rplane.
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c)

(a) Inclination

a

(b) Inclination

\

Figure 7. - Typical pressure recovery at carburetor airscoop entrance
of single-engine torpedo-bomber-type airplane. Propeller advance-
diameter ratio, 0.337.
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Inclination

1.6 -
of thrust

!J axis
(deg)

o -2
2

: 6

2 “1”2IId {> \M~“
%.8+
3 (a) Carburetor-scoop inlet-velocity ratio, 0.8.

.@
CJ

0
@
& (b) Carburetor-scoop inlet-velocity ratio, 0.5.
I

A .8
z
~ \ )

.4.

0 20
Free-stream impact pressure, q=, lb\sq ft

(c) Carburetor-scoop inlet-velocity ratio, 0.2.

Figure 8. - Effect of free-stream impact pressure on total-pressure
recovery at carburetor top deck of single-engine torpedo-bomber-type
airplane for various inlet-velocity ratios and inclinations of thrust
axis.
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h

(a) Charge-air flow, 16,050 pounds per hour; free-stream impact
pressure,. qc, 32 pounds per square foot; Inclination of
thrust axis, 6°; inlet-velocity ratio, 0.76.

NATIONAL ADVISORY
CWMITTEE FOR AERONAUTICS

J
1.0

.5

(b) Charge-air flow, 9460 pounds per hour; free-stream impact pressure,
q=, 92 pounds per square foot; inclination of thrust axis, 2°; inlet-
velocity ratio, 0.26.

Figure 9. - Typical pressure distribution at carburetor top deck of
sing-le-engine torpedo-bomber-type airplane.

.
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(a) Inclination of thrust axis, -2°; free-stream impact pressure, 78.5
pounds per square foot; brake horsepower, 1960.

Figure 10. - Cowl-lip static-pressure survey for single-engine torpedo-
bomber-type airplane. Pressure altitude, 5000 feet; engine speed,
2650 rpm; cowl-flap deflection, 10°.
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imoact pressure, 79.0(b) Inctlnation of thrust axis, 2°; free-streem
pounds per square foot; brake horsepower, 19”5. -

Figure 10. - Continued. Cowl-lip-static-pressure survey for single-

engine torpedo-bomber-type airplane. Pressure altitude, 5000 feet;

engine speed, 2650 rpm; cowl-flap deflection, 10°.
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[c) Inclination of thrust axis, 6°; free-stream impact preaaure,78.5
pounds per square foot; brake horsepower, {930.

Figure 10. - Concluded. Cowl-1ip static-pressure survey for single-
englne torpedo-bomber-type ai rplane. Pressure altitude, 5000 feet;
engine speed, 2650 rpm; cowl-flap deflec~ion, 10°.
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0 Propeller removed

●4 U Propeller operating:
+.- engine speed, 2230 rpmi

> brake horsepower, 1800
sJ

9+
s
o 0
v o 4 8 12 1 6 20
.> Cowl-flap deflection, deg
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(b] Cowl-flap deflection, OO.

Figure Il. - Effect of cowl-flap deflection and free-stream impact pres-

sure on total-pressure recovery at cowling Inlet of single-engine
torpedo-bomber-type airplane. Pressure altitude, 15,000feet: inclin-
ation of thrust axis, OO.
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O Propeller removed
0 Propeller operating;

engine speed, 2230 rpm;
brake horsepower, 1800

.8

.4 -

0

Cowl-flap deflection, deg
(a) Free-stream Impact pressure, 60 pounds per square foot.

.8 A\ #●

. . — u

.4

0,
30 50 70 90 110 130 15

Free-stream impact pressure, qc, lbisq ft

(b) Cowl-flap deflection, OO.

‘o

Figure 12. - Effect of cowl-flap deflection and free-stream Impact pres-
sure on total-pressure recovery at face of engine of torped&bomber-

type airplane. prt3SSUre altitude, 15,000 feet; inclination of thrust
axis, OO.
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Figure 13. - Effect of cowl-flap deflection and free-stream impact pres-

sure on cowl-diffuser pressure loss of single-engine torpedo-bomber-
type airplane. Pressure altitude, 15,000 feet; inclination of thrust

axis, OO.
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Figure 14. - Effect of cowl-inlet velocity ratio on total-pressure recov-

ery at face of engine of torpedo-bomber-type ai rplane. Pressure alti-

tude, 15,000 feet.
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Figure 15. - Total-pressure distribution at cowling inlet of single-engine torpedo-bomber-type air-

1 plane with propeller operating. Brake horsepower, i530; engine speed, 2450 rpm; free-stream impact
pressure, 46 pounds per square foot; inlet-velocity ratio, 0.76; pressure altitude, 5000 feet.
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Figure .16. - Total pressure distribution at cowling inlet of single-engine torpedo-type-bomber air-
plane with propeller removed. Free-stream impact pressure, 60-oounds Der sauare foot; inlet-

velocity ratio, 0.63; pressure altitude, 15,000 feet.

NATIONAL ADVISORY
CWMITTEE FOR AERONAUTICS, :

4



z

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS

h

$
g 20

A

ii

. 161 I I I i I I I I I A
/

/ I
/

A- I

a)
G

d

El
o
(u

G
PI

I I I I I WI’X4
11111111 YA/f-/”lx ~

I I I I I I lxK’K21z “
Cowl-flap
deflection

I I I I v+ /4= o 0
❑ 4

I I I Jz2wr
o 6
A 10

0
0 20 40 60

Free-stream impact pressure, qc, Ib/sq ft

(a) Propeller removed; pressure altltude, 15,000 feet,

D
(-)
D

z
o
,

m
m
m
N
4

Figure i7. - Effect of free-stream impact pressure on cooling-air pressure drop across engine of
torpedo-bomber-type airplane at VariOUS Cowi-flap deflections. Inclination of thrust axis, OO.
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Figure 17.- Continued, Effect of free-stream impact pressure on cooling-air pressure drop across
engine of torpedo-bomber-type airplane at various cowl-flap deflections. Inclination of thrust
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Figure 17. - Concluded. Effect of free-stream impact pressure on cooling-air preesure drop acroqs
engine of torpedo-bomber-type al rp lane at various cowl-flap deflections. Inclination of thrust
axis, 00.
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Figure 18. - Relation of cooling-air pressure drop to cooling-air mass
flow for tests of single-engine torpedo-bomber-type airplane with

propeller removed. Pressure altitude, 15,000 feet.
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Figure i9. - Variation in incremental-drag coefficient with cowi-fiap
angie for single-engine torpedo-bomber-type ai rpiane. Propel Ier
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